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INTRODUCTION 
The complex relationship of man with his natural en\ironment 
has changed with tmie as he acts as a dommant force m man\ ' of the 
earth's physical and biological systems. For thousands of years the 
direction and extent of his progress, to a considerable measure, were 
dictated by his physical environment to suit himself. Al though the 
objectives of these alternations was to improve his li\"ing conditions, 
man has created serious long term problems which are catastrophic 
both for the natural environment and for the man himself. 
Man's impact on the environment has resulted in pollution 
of the environment. For modern living of world's teeming populations, 
a bet ter and more food, dwel l ing units and indus t r i e s are rather 
essential. This would further aggravate the alread> exist ing state of 
environmental pollution. Pollutants accumulate slowK and circulate 
through the atmosphere, hydrosphere and lithosphere effecting biotic 
communities as well. 
Various amoun t of pol lutants con t inuous ly enter the 
atmosphere through both natural and man made processes that exist 
upon the earth. A huge amount of toxic materials or ig ina t ing from 
many different kinds of industries and from other human activities are 
md i sc r imina t eh th rown out as wastes into neares t c o n \ e n i e n t 
environment ( air. water and soil). The natural self regulating systems 
are now unable to neutralize the toxic effects of the materials. The 
pollution can be defined as " undesirable change or addition of toxic 
subs tance in excess and beyond the se l f - r egu la tmg capacity of 
a tmosphere , which adversely affect human or plant life directly or 
indirectly". 
The word 'pollution' is derived from the latin word "polluere" 
which m e a n s 'to defile'. Pollution of e n v i r o n m e n t especially air 
pollution is a world wide phenomenon. Wood (1968) classified air 
pollutants basically in two categories based on their origin i.e. primarx 
air pol lutants and secondary air pol lutants . P r imary air pollutants 
originate at the source in a form toxic to l iving organisms. Sulphur 
d ioxide (SO^), ox ide of nitrogen (NOx) , hxdrogen fluoride (HP), 
ammonia (NH,), eth>'lene (C,H^) etc. are gaseous primary' air pollutants. 
Coal dust , c emen t dust , fly ash, br ick-ki ln dus t and suspended 
particulate matter (SPM) are particulate primar\ ' air pollutants. The 
secondary air pollutants are formed by reaction between pniTiar\' air 
pollutants. Ozone (O,) and perox\acte\i nitrate (PAN) also known as 
pho tochemica l pol lutants are secondarx air po l lu tan ts . Some air 
pollutants like SO^ and NOx in high humid condit ions are converted 
into ac ids (H^SO^ and HNO,) which fall on the ground in form of 
'acid rain" during the atmospheric precipitants (Oden. 1 968). 
Air qualit> is ver\ important for plant health. Proper and 
healthy growth of the plants can be achie\ ed only when atmosphere is 
free from pollutants as over 9 0 % biomass of green plants is derived 
from atmosphere. Plant growth and yield are adversely affected directK 
or indi rec t ly b>' air pollution (Mudd and Kozlowski , 1 975 : Heck 
et al., 1982). Air pollutants induce injuries of various kinds in a number 
of agricultural and horticultural crops. The Environmental Protection 
A g e n c y (EPA) in U.S.A. es t imated that in 1 976. annual losses to 
agr icu l ture production caused by poor air quality was around 2.9 
b i l l ion dol lars . Yield losses have been found to be caused b \ air 
pollution in various crop plants including cereals, leguminous crops. 
oil-seed crops, vegetable crops and ornamentals. 
Gaseous air pollutants enter the leaves through stomata b> 
absorption or adsorption and cause injuries directly' m the leaf tissue 
or interfere in biochemical reaction (Pell, 1979). Particulate air pollutants 
fall and deposit on the leaf surfaces forming a thin encrustation on 
the leaf surface. This hampers transpiration and checks the transmission 
of solar radiation ( Darley. 1966). Air pollutants affecting ph> siolog> 
and b io-chemis t ry of the plants , produce visible s>mptoms like 
chlorosis, necrosis, early senescence and stunting etc. (Heagle, 1 973. 
1982). Dusts from different sources settle on leaves, flowers either as 
such or incombination w ith rain drops or mist to form thick crust 
(Agrios. 1997). 
Industries of\arious kinds particularly thermal power plants, 
cement manufacturing plants, oil refineries, chemical complexes etc. 
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are major cause of pol lut ion affecting the qualit>- of air, water and 
soil. These envi ronmenta l degradat ion may act di rect ly on the 
individual life process or indirectly through influencing the earth's 
climate thereby the vegetation and habitabilit>-. 
Industr ies par t icular ly coal-based thermal power plants 
produce large quantities of fly ash. Fly ash emanating from stack of 
the power plants is d i spe r sed in a wide area. Of the 60 power 
genera t ing plants m the country at present, most are coal based 
consuming nearly 2/3rd of the total produced coal (Khan and Khan, 
1991). Left over fly ash in power generation units accounts 1 5 million 
tonnes m the environment annually. One third of this amount goes to 
the atmosphere and rest is dumped on land. Fly ash from combustion 
of Indian coal consist mainly of silica, alumina, i ronoxide. carbon, 
pot tass ium, calcium, m a g n e s i u m , sodium, sulphur and t race of 
titanium, phosphorus and significant levels of trace metals and heavy 
metals. Emitted fl> ash from the power plants causes the air as well as 
soil pollution. 
Fly ash and other particulates like soil dust, lime dust, cement 
dust and brick-kiln dust mostly fall and deposit on the leaf surfaces 
of the plants. Such leaves show increased transpiration which may 
accelerates the uptake of gaseous air pollutants if present caus ing 
damage to the exposed plants (Krajickova and Mejest r ik , 1 984) . 
Howexer, fly ash accumulation in soil may be beneficial for the growth 
of the plants (Mishra and Shukla, 1986). FK ash contains macro- and 
micro- nutrients which enhance the plant growth in nutrient deficient 
soils (Mar tens and Beahm, 1 987). A m e n d m e n t of soil with fl\- ash 
can neutral ize soil acidity and can increase ion exchange capacity, 
water holding capacity' and pore size which may ameliorate plant growth 
and \ ie lds (Jones and Straughan, 1987; Adnano et al.^ 1980). A number 
of s tud ies have demonstrated that plant growth and yield of crops 
like chickpea, lentil, soyabean and tomato generally increase at lower 
levels of fly ash (1 0-50%). Growth and yields , however, gradually 
decline at higher levels (60-100%) (Singh. 1 989; Singh et a].. 1994: 
Khan era / . , 1997). 
In India about 230 million tonnes of coal were consumed m 
1990-91. More than half of which that is about 1 1 8.7 million tonnes 
was burned by thermal power generating sector to produce electricits. 
The d e m a n d of electricity has increased consistently. So is the 
consumpt ion of coal in the countn,-. Fly ash content of Indian coal 
r anges be tween 2 8 - 4 2 % and about 12%) total ash content m coal 
e scapes as smoke , fly ash or aerosols . With the present rate of 
consumption of coal, 1 3-1 6 million tonnes of fly ash is introduced m 
the atmosphere annually. A total of 1 3 % of the total production of fly 
ash is utilized for various purposes in the countrs. 
Thermal power generating sectors using coal as fuel are the 
major sources of fly ash. Its disposal is a matter of much concern of 
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en\ ironment. A thermal power plant is located in Kasimpur in Aligarh 
District of Uttar Pradesh. This power plant burns 3192 metric tonnes 
of coal daily. This releases of fly ash in addition to other gaseous air 
pol lu tants like SO,, NO, , C O , and part iculate matter that cause air 
and soil pollut ion in and around Kasimpur . Disposal of fl>' ash is 
another great problem because of the quantum of daily coal utilization 
b \ this power plant. This bulk> material which is accumula ted in 
l agoons or land hills needs careful and special management and 
conse rva t i on on measures in order to protect the sur rounding 
en \ i ronmen t . Its agricultural uses have been suggested b> some 
w o r k e r s . If fly ash is to be cons idered for soil appl icat ion, it is 
necessar\ ' to evaluate its potential effect on crop productivity w ithout 
disturbing soil fertility. 
Radish {Raphcnuis sativiis L.) be longing to the family 
Brass icaceae and carrot {Dacus carota L.) belonging to the famih' 
A p i a c e a e are major underground root crops in India. Both are 
consumed b\ ' Indians as \egetables.These are also used for medicinal 
purposes . These are regular crops and are also grown in the fields 
around the thermal power plants. Therefore, impact of fly ash on crop 
productivitN' of these crops should be determined. The present study-
was u n d e r t a k e n to de t e rmine the effect of different fly ash 
concentrations as soil amendment on crop productivity of radish and 
carrot under glasshouse condit ions. Physico-chemical analyses of 
soils amended with different concentrations of f[\ ash were also done. 
LITERATURE REVIEW 
Air p o l l u t i o n m e a n s , the p r e s e n c e of o n e or m o r e 
contaminants such as dust, fumes, gas misodour, smoke or vapour 
beyond a prescribed limit in the atmosphere \\ hich may be injurious 
to human, plants, animal life, propert\' or cultural heritage etc. Such 
contaminants or pollutants in air are mainh ' the part iculate matter, 
carbon monoxide (CO), sulphur dioxide (SO,), nitrogen dioxide (NO^) 
and hydrocarbon etc. a long with other specific (minor) primary' or 
secondary^ pollutants. There are numerous sources of air pollutants m 
nature depending upon local factors. For pollutants, m general there 
may be natural sources such as pollen, water d rop le t s or spray 
evaporation residues, wind storm dust, meteoric dusts and surfaces 
detritus or industrial sources such as ventilation products from local 
exhausts systems processes, waste discharge heat power and waste 
disposal by combustion process or even transportation sources- motor 
vehicle, rail mounted vehicles, aeroplanes and vessels: agricultural 
acti\ ity, fertilizers, insecticides, pesticides, spraying and burning of 
vegetation etc. Among the mobile and stationar\- sources, the latter is 
more harmful because the pollutant released b \ such units including 
power plants and industrial units etc. remain confined to a certain 
limited area and consequently give higher concentration than in case 
of mobile sources such as automobile etc. co\ ering a \Nide range with 
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low concentration. During the calm days the problem becomes more 
acute in industrial areas. 
Pollutants in the atmosphere are generated by anthropogenic 
( m a n - m a d e ) and biogenic (na tura l ) p rocesses . Their ind iv idual 
contribution varies in time and space with the anthropogenic processes 
pre-dominating in the industrialized area. Presently long range trai^isport 
of air pollutants is well accepted phenomenon. Air pollutants exist in 
gas (e.g. SO^), vapour (nitric ac id -HNO,) and particle (e.g. fl\ ash, 
various dusts etc.) phases. These pollutants are deposited on the soil 
b>' dry and wet fall processes . The ind iv idua l contr ibut ion and 
importance of these mechanisms var>' in time and space. 
Ind ia has reached to a s tage of d e v e l o p m e n t w h e r e 
transformation is taking place from an agricultural base towards an 
industr ia l core. The pace and m a g n i t u d e of the change ha^ e a far 
reaching impact on the en\ iromnent which is being increasingly polluted 
(Hemalatha, 1983). 
During the past several decades there has been a g rowing 
awareness about the serious hazard of atmospheric pollution to which 
we are constantly exposed. Howe\"er, we h a \ e just begun to become 
conscious to this problem. Unlike industrialized nations, in India air 
pollut ion problems are still localized in certain pockets but exert a 
potential threat to plant and animal lives. 
India has vast reserves of coal and thermal power p lan ts . 
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which produce energ>' by burning coal, supply bulk of power generated 
in the country. Consequently, thermal power plants spread all over 
the country are major sources to atmospheric pollution. 
In India, about 80 mil l ion tonnes of coal is burnt annually. 
Accord ing to Sharma (1986) 13 mil l ion tonnes of fly ash, 480 ,000 
tonnes of SO, , 280,000 tonnes of N O ^ , 1 6,000 tonnes of C O and 
5.000 tonnes of hydrocarbon are released from thermal power stations. 
Rapid growing population, great race for rapid urbanization 
and industrialization need power (electricit\) generating plants. Among 
the important power generating plants the thermal power plants are of 
p r ime concern as pollutants r e l ease harmful impuri t ies into the 
eiiMronment as gaseous and solid components of combustion products 
which adversely affect the atmosphere, hydrosphere, lithosphere and 
whole b iosphere . The product of comple t e combust ion of fuel m 
thermal power plants mainl\- cons i s t of carbon dioxide, wa te r 
molecules , oxide of nitrogen, sulphur dioxide, sulphur trioxide and 
ashes. 
The maximum pemiissible concentration (M.P.C., mg/m'') of 
some tspical pollutants present in effluents of thermal power plants 
on the basis of an average daih ' concentrat ions is gi\'en below : 
Pollutants M F C , (ma/m' ) 
Non-toxic dusts 0.15 
Carbon monoxide ] .00 
0 
Fly ash 0.05 
Benzopyrene 0.1 
Sulphur anhydride 0.05 
Nitrogen dioxide 0.085 
Hydrogen Sulphide 0.008 
(Rizvi, 1994) 
Charac te r i sa t ion of Fly Ash 
Fly ash is one of the major air pollutants produced by thermal 
power plants. Its presence in the air as SPM, aerosol, its deposition 
on plant surfaces and soil have become matter of ser ious concern. 
The trace elements, present in Indian coal (Godawana coal) used m 
thermal power plants, are ultimately found in fly ash after combustion of 
the coal. 
Element 
Lead(Pb) 
Zinc (Zn) 
Copper (Cu) 
Nickel (Ni) 
Chromium (Cr) 
Cobalt (Co) 
Cadmium (Cd) 
Uranium (Ur) 
Thorium (Th) 
(Asthana and Asthana. 
Content in coal 
1998) 
(ppm) 
118.0 
38.0 
145.0 
38.0 
50.0 
22.5 
8,5 
6.4 
16.0 
Content in flv ash 
(ppm) 
416.0 
112.0 
90.0 
112.5 
121.0 
3.5 
10.5 
9.2 
32.5 
Ghodrat i el a1. (1 995) conducted a series of soil column 
studies to evaluate the effect of rates (0, 5, 1 0, 20, 30 and 40 w/w )of 
fly ash on soil. Leachates from column amended with 3 0 % fly ash 
were analysed of B, Cd, Ni, Pb. Cu, and Zn. Soil moisture and water 
holding capacit>' increased from 12% in the soil alone to 2 5 % in the 
soil amended with 30% fl\' ash. Boron and soluble salts leached rapidly 
from ash amended soil while trace quantities of Cd. Ni , Pb, and Zn 
were detected in column leachates. Khan el a/. (1996) worked on the 
effect of fly ash on physico-chemical properties and nutrient status of 
soil. The results showed decrease in soil pH and increase in electrical 
conducti\i t> with increasing doses of fl>' ash. Bodog ef al. (1 995) 
took samples from three technological points for speciat ion of Cd, 
Cr. Mn, Ni and Pb in fl\ ashes derived from iron smelter works and 
subjected to different t rea tments by acids m open \ e s s e l s and 
pressurized teflon bombs. It was found that h e a \ \ meta l s were 
generally bombed to silicates in different samples. Menon et al. (1 990) 
studied the differences in the physico-chemical properties of Savanna 
river samples to make relative composts for agricultural uses. The fly 
ash samples differed considerably in pH, conductivity and elemental 
composition and transition metal appeared to bound more tightly on 
smaller particles than on larger ones. Kukier and S u m n e r (1 996) 
conducted green house stud\' with maize {Zea nmys L.) to determine 
the boron availability to plants from coal combust ion by-products. 
The results revealed that all the by -products increased soil and maize 
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tissue boron concentration. Leaching and \\ eathering of high boron in 
fly ash under ponding conditions decreased boron content and that 
of maize grovvn in fly ash amended soil where as in the lab conditions 
leaching of the same fly ash increased boron availability' to maize in 
comparison to fresh fly ash. 
Sims et al. (1 995) studied adsorption and disadsorption of 
phosphorus in soil amended with different rates (0-30%) of fly ash 
which had the potential to improve plant by enhancing soil moisture 
relations. Fh' ash increased soil phosphorus from 1 3 -34 mg/kg (20-
3 0 % fly ash) . Vi raraghavana and Alfaro (1995) examined the 
effectiveness of less expensive adsorbent such as peat and fly ash 
which were found to adsorb 46.1 % and 4 1 . 6 % phenol from an initial 
concentration of approximately lmg/1 respectively. Gupta and Torres 
(1998) found fly ash as a potential agent for adsorption of heavy metal 
contaminant in water and waste. Fly ash remo\ ed Cu and Pb from the 
effluent through adsorption and removed of the toxic heavy metals in 
a municipal sewage. Sikka et al. (1994) collected ash samples from a 
thermal power plant and found that the major matrix elements in fly 
ash were Si, Al, K, Fe and Hg. Some of the biologically toxic elements 
Ni, Cu, Pb, B and Mo were also present in substantial amounts. Ash 
from Electrostatic precipitator (ESP) was finer in texture, lower in 
pH, richer in nutrient than ash collected from dumping site. 
S c h r a m m et al. ( 1 9 9 5 ) found tha t the l each ing of 
polychlorinated dibenzo-p-dioxms and dibenzo furans (PCDD/ Fs) 
from fly ash column were eluted w ith pure water or an aqueous solution 
of linear alkyd benzene sulphonate (LAS (aq)) concentration of PCDD/ 
Fs m the leachates as well as the relat ixe leaching increased with 
i nc rea s ing degree of ch lonna t i on (dec reas ing water solubi l i t \ ). 
C o n c e n t r a t i o n of LAS were cons ide red to enhance PCDD/Fs 
solubility. Singer and Berkgaut (1 995) worked on cation exchange 
properties of hydrothermall>' treated coal fl\' ash. ApproximateK 50% 
fl>' ash could be converted to zeoli tes. The CEC reached at 2.5-3,0 
meq/g concentration of extractable B. Mo and Se in fly ash considerable 
decreased. Singh et a1. (1994) estimated the capability of fl\' ash and 
impregna t ed fly ash remo\ 'ed phenols from aqueous solut ion. 
Impregnated fly ash was more efficient for phenols remo\ al than fl\ 
ash. Ando ei al. (1995) found that mixtures of fly ash from different 
coals were blended with KCO, . Ca and Mg hydroxides and calcined 
at 850-950°C for 10-15 min. to g i \ e potassium silicate fertilizer W'u 
and Shao (1 996) investigated that lime and coal fly ash application 
could mi t iga t e pollution from acid depos i t ion and improve the 
buffering abilit>' of two acidic soils. Prabha et al. (1994) found wide 
variation between fl\ ash obtained from two thermal power stations 
and also within the same power plant between boiler bottom ash and 
samples collected at ESPs. Ph\ sico-chemical properties had marginal 
variation, Fe^O^ (2.0-5.5)/wand unbumt carbon (LI 5-18.5%). Fleming 
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et al. (1 9 9 6 ) invest igated the leachabilitN of metals from fly ash 
produced by a coal-fired electric plant and municipal waste incinerators 
under acidic conditions. Significant increase in extraction of Cd. Cr, 
Zn. Pb ,Hg and Ag ions from the ash \\a.s attributed to the instabilits' 
of the mineral phases that contain these metals under acidic conditions. 
Garau et a/. (1991) reported that net nitrogen mineralization decreased 
as the raie of fl\ ash application increased. However, the effect of fl>' 
ash on nitrogen mineralization was also dependent on its composition. 
The application of 50 t/ha fly ash did not significantly affect the nitrogen 
mineralization. This amount of fl\ ash ma> be applicable to soil as an 
alternative for tly ash disposal. 
Disposal of fly ash 
Mehra el al. (1998) studied the impact of fly ash of two coal 
-fired s ta t ions in Delhi ; Indra -prastha Power station and Rajghat 
Power station. They found that ash contents of coal ranged from 38-
4 7 % and disposal of fly ash is done b>' mixing with water and slurn." 
is p u m p e d through pipes to ri \ er Yamuna. They attributed marked 
reduct ion in population of Eichoriiia crassipes to turbidit) ' of ash 
pond leachates and metal toxicit\ . Element enrichment in flood plain 
soil during monsoon enhanced horticultural value due to fl\ ash particle 
deposition. Wilhoit and QmgYue (1996 a) worked on container growth 
t r ansp lan t s that p ro \ ides a m e a n s of economical ly and rap idh ' 
revegetating fl\ ash lagoons through the expeditions establishment of 
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\egetat ive islands. Growth responses of linchylnena loniejitosa and 
Nitraria hillardieii mcreased in fly ash. Alliksaar et al. (1998) found 
that fly ash particles accumulated in sediments can be used to assess 
spatial distribution and temporal trends of atmospheric decomposition 
of pollutants derived from high temperature combustion of fossil fuels. 
The results indicated that with EDX analysis, fl>' ash from oil shale 
can be distinguished from oil and coal derivation in en\ ironmental 
samples. Kukier et al. (1994) investigated boron releases from fly ash 
and its uptake b> corn. Two fl>' ashes from Georgia were tested as a 
source of boron for corn grown on two soils of different t ex tures . 
Hot water ext rac table boron content of fly ash inc reased with 
decreasing pH and both soils (cecil and lake land soil) show ed a linear 
relationship between fly ash rates and hot water extractable soil boron. 
Increased rates at boron application in fly ash resulted in much higher 
tissue boron contents and caused marked reduction in growth on both 
soils. Tissue boron contents on the sand\ lake soil w ere h igher at 
same ash rate than on the hea\"ier cecil soil. 
Wilhoit and QingYue (1996 b) suggested land application 
methods as an alternative for ash disposal but meterial handl ing and 
spreading difficulties are obstacles to increased utilization alternatives, 
Mishra et al. (1995) studied biological disposal of fl> ash. The\ ' planted 
four plant species which survived but differed in their performance. 
The ratio of treatment receiving soil, sand, fly ash and compos t at a 
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1:1:1;] ratio. Eucalyptus traticonns {Eucalyptus h \ b r i d ] performed 
best . Acacia auriculiformis and Peltophorum ferrugineum were 
intermediate and Pcmgamiapinnata was most poor. After six years 
of plantation gro\\1h of natural vegetation had estabilished, stabilized 
the fix ash and reduced the environmental pollution. 
According to Bhat t et al. (1994) at present near ly 90 million 
tonnes of fly ash are being produced from the thermal power stations 
throughtout India. Since removal and disposal of such a large amount 
of ash is difficult task and poses a serious environmental and ecological 
problem, cons iderab le effort has been made to u t i l i ze fly ash for 
making calcium silicate bricks. Miller (1987) claimed that fly ash is 
becoming less of an environmental problem, as more of it is being 
used as concrete addi t ive and in soil s tabi l iza t ion. A c c o r d i n g to 
Shyamlal (1996) the thermal power stations in the area of the Rihand 
hydro electric power station, which use Singrauli coal, characterised 
by a very low sulphur content, do not cause severe air pollution. Large 
amount of fly ash produced during combustion of coal (30-35%) is 
dumped in ponds. It has poor water holding capacity and hence dries 
quickly and is easih' eroded by wind. Afforestation has been done on 
the dumping site of the fl>' ash near and around the power station. 
Different combinations of plant species such as Teiminalia arjuua. 
Albizia lebbek, Eucalyptus tereticoniis, Dalhergia sisoo etc. have 
been grown. More than 50% of plants have sun-n ed. The area is now 
fully covered with planted trees and natural)} colonizing herbs, shrubs 
and grasses. 
Uses of fly a sh 
Fly ash has been used to remove toxicits' of soil contaminated 
with heavy metals to make it useful for crop cultivation. Shinde et al. 
(1995) used fly ash to reduce toxicity of contaminated soil through 
immobilization of h e a w metals. Fl\ ash application when exceeded 
more than 5%, the grov^^h of maize crop was significantly- reduced. 
On the contrary' acidic soil showed positive response to fly ash addition 
upto 2 0 % but the resul tant crop growth was less as compared to 
growth of p lan ts in soil without fl\ ash. The \ c la imed that fix ash 
addition effectively raised the pH of acidic soil thus reduced metal 
solubility and availability" to plant. Fly ash is also used to make concrete 
blocks. Fly ash used as immobilizing agents for h e a \ \ ' metal ions in 
aqueous solution were led to saturation w ith Pb. Cd. Cu and solidified 
by cement based CFs technology to hard concrete blocks which do 
not pose any risk to the environment. The matrix disrupting effect of 
lead (Pb) w a s e l i m i n a t e d by add ing N a A l O , . Ca,(PO^)-, or 
Ca3(PO^)2 + CaCl, at optimal dosages to improve the setting, hardening 
and mechanical properties of the final concrete blocks (Kilinckale , 
etal. 1997). 
In recent years fly ash is being used m road construction 
and building materials. Meyrahn et al. (1994) found that fl> ash has 
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high contents of avai lable Ca ,Mg and also trace e iements . h a \ m g 
coiTiparati\eK' low contents of hea \ \ metals. It is suitable for use as a 
forest fertilizers. Kriesel et al. (1 994) showed that coal combustion 
by-products and sewage s ludge waste products can be util ized as 
soil amendment s which can sa\ e farmer's money by replacing 
commercial fertilizers. Cer\elli et al. (1988) in\ estigated the effect of 
different rates of fly ash application on Zea mays L. The amount of 
nitrogen balance (NH^"* "N, NO,"" N) and organic ni t rogen was not 
affected by a d d i t i o n of fly ash at d i f ferent c o n c e n t r a t i o n s . 
Kuchanwar et al. (1997 a) studied that groundnut was grown 
with fly ash (0. 5. 10, 1 5 t/h) and fertilizers (0.25;50;0.1 8.75: 37.50:0 
kgN:P K/h). Fl\ ash application decreased maximum water holding 
capacity and increased a^'allable and N.P.K and exchangeable Ca-^, 
Mg-^ and trace elements (Zn, Cu. Fe and Mn). Ten tonnes of fly ash 
per hectare was the best rate for impro^•lng soil proper t ies . Beaver 
(1995) found that coal ash from the power plants mixed with compost 
products (manure , pulped food waste, waste paper and landscape 
trimmings) enhanced the nutrient value and did not inhibit biological 
activity. Shane et al. (1988) found that many crops are deficient m Se 
which is a micro-nutrient for human. Fl\ ash (derived from coal-burning 
power stations) can be used as a soil amendment to increase Se level 
uptake b\- crops. Soil can be amended with tl\ ash at a rate of upto at 
least 33.6% as a source of Se, but on this level uptake of mutagenic 
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compounds by some plant species may occur. 
Tripath>' and Sahu (1997) reported that 5 0 % fly ash apphed 
to soil increased wheat plant height, girth, leaf number, leaf area, spike 
length and dr\ weight etc. Kalra el al. (1997) worked on wheat, chick 
pea. mustard and lentil durmg winter season using 10,20,30 and 40% 
concentrations of fl> ash m soil and on rice and maize in summer at 
0.5,10. 1 5 and 2 0 % of fly ash. Changes occurred in physical and 
chemical p rope r t i e s of soil due to addi t ion of fly ash. Delayed 
germination of crops was noticed due to the increased impedance 
offered b\ the soil matrix to germinating seeds. Rice and maize were 
relativeh less sensitive to fly ash for germination than winter season 
crops. Mustard was most affected for germination. Menzies and Atiken 
(1996) reported that fly ash can be used as a subst i tute for peat or 
sand component ( peat : sand m 1; 1 ratio) at a ra tes of 1 0%, 20%, 
30% and 50%. As fl> ash available at low cost and can be successfully 
subst i tu ted for a cons ide rab le port ion of the e x p e n s i v e peat 
component , it can be best used as a fertil izer at low applicat ion 
Mellows et al. (1991) investigated into the production of an organic -
based, slowK released nitrogen fertilizers from mixtures of filter press 
mud with fl\- ash. Hill and Lamp (1980) suggested that coal ash ma\' 
be used as M g fert i l izer for pastures . F h ash also has agronomic 
potential as l immg agent (Hodgson ei a/., 1982). boron fertilizer (Plank 
and Martens. 1 974) and as a physical amendment for soils (Doyle, 
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1976; Change /a / . , 1977). 
Kene et al. (1991 a) suggested that fl\' ash can be used as a 
soil conditioner or trace elements carrier in cla>' and sandy soil, because 
of presence of high water holding capacity- (40.9%) and high contents 
of trace elements, in fly ash (Koradi Thermal Power Station). Recently 
Smgh ei al. (1996) and Klian et al. (1997) reported that fly ash amended 
soils impro\ ed the plant growth, yield and leaf p igments of pulses 
and vegetable crops. Ghosh et al. (1996) found that Rhizohium shows 
good population in fly ash and it was mamtained o \e r 3-4 months. 
Fly ash as soil a m e n d m e n t for grow th and yield of crop plants 
FK ash contains macro-, and micro-nutrients which enhance 
plant growth in nutrients deficient soils (Martens and Beahm, 1 987). 
Scanlon and Duggan (1979) obsersed that trees and shrubs seedlings 
grew well in fl\ ash amended soil. Wong and Wong (1989) found that 
seed germination of Brassicaparachinesis and Brassica chinesis was 
enhanced in sand\ soil added with 3-6% fl>" ash. But in the soil added 
with 12 and 3 0 % sand>' fly ash. seed germinat ion was significantly 
reduced, hi gemeral. the dn,' weights of the crop plants were enhanced 
and lengths of first leaves, shoot and cotyledons were longer in the 
3 % amendment but reduced in 12% and 30%o a m e n d m e n t s . Plant 
growth and \ ield of tomato was better when fl\ ash was applied to 
soil particularh at lower dosage (Khan and Khan. 1996). Pasha et al. 
(1 990) observed that soil amendment with fly ash ( 1 0 % and 20%) 
improved plant growth, >ie]d and chloroph>il contents of leaves of 
cucumber plants . At higher levels (50-100%) fly ash become toxic 
and supperessed all the considered parameters of the plants. Singh 
(1993) and Singh el al. (1 994) found that soyabean plants grown in 
soil with 25 and 5 0 % fly ash showed significant hnproxement m plant 
growth yield, leaf pigment, protein and oil contents of seeds. Further 
increase in the fly ash level caused suppression of these parameters. 
Inhibition in root nodulation on legumes was reported in soil amended 
with fl>- ash (Singh, 1 989). He claimed that hea\y' metals present in fl\ 
ash may have caused supprerssed growth. Inhibitor>' effects of hea\A 
metals on root nodulation on leguminous crops have been reported 
by Khan et al. (1987) . As fly ash conta ins very small fraction of 
nitrogen (0.2%)), (Wong and Wong. 1986, 1 989), plant growth, yield. 
leaf pigments and seed protiens are also affected adversely through 
poor n i t rogen avai labi l i ty in fly ash amended soils . Singh (1 993) 
reported that root nodulation and leaf nitrogen gradually decreased 
with an increase in the fly ash concentration. Mishra and Shukla (1986) 
treated plants of maize and soyabean with fly ash by dusting. Fly ash 
was obtained from coal-fired electric generating plants. At the lower 
dusting rates both the crops showed an increase in plant heights, dr> 
weights, metabolic rates, but reductions occurred in pigment contents 
and dr\' matter production. Reduction m plant growth at highest dusting 
rate was attributed chiefl>' to the excess i \e uptake and accumulation 
of boron and alkalinity caused by excessive soluble salts on the leaf 
surface. 
Application of fly ash to agricultural land is not common m 
most countries because of high alkalinity and salt content of the fly 
ash which depresses crop growth and causes detetrioration on soil 
proper t ies (Hodgson and Holl iday 1966; Adr iano et al., 1980). 
Inconsistent effect of fly ash on plant growth have also been reported 
It has been shown that yield of corn and bean seedlings were 
statistically same as for the control treatment for an ash application 
rate upto 2 0 % (Adriano et al., 1973) and the root length and cot\'ledons 
length of seedlings of desert annuals decreased with increased fl\ ash 
treatment upto 50% (Vollmer et al., 1982). This was due to differences 
in the he te rogenic i ty of the physical , minerology and chemical 
properties of fly ash which depend on the composition of the fl>' ash 
parent coal combustion conditions (Adriano et al.. 1 980; Ramsden 
and Shibaok, 1982). The problem is further complicated by the physical 
and chemical properties of the recipient soil and t \pes of plant species 
and regional pract ices . It has been shown that addition of poultry 
manure to fly ash amended sandy soil improved the physical and 
chemical properties and resulted higher yield of the plant crops (Wong 
and Wong, 1987). 
Tung et al. (1995) investigated that SO^ and fly ash, when 
both applied alone to cucumber foliage caused no visible symptoms 
on l e a v e s . H o w e v e r , if both SO^ and fly ash were app l ied 
simultaneously, a specific mosaic-chlorosis symptoms developed on 
leaves. Significant interaction occurred between the two factors. The 
fl> ash deposits on the leaf surface play a catalytic role in oxidizing 
a tmospher ic SO, continuously to form sulphuric acid //? situ. This 
acid infiltrate enter into mesophyll and damage cells and tissues. 
Chermisi el al. (] 995) found that if boron was applied as borax, coal 
f\y ash or fritted t race element on garlic (cv. Chaing Mai) , boron 
application increased yield by 24-40% compared with untreated plants. 
Highest yield (6.1 3 t/ha) obtained w ith coal fly ash was at 825 t/ha. 
This treatment also produced the largest and heaviest garlic c lo\es . 
Storage quali t \ was best when boron was applied with other trace 
e lements . Wong el al. (1995) s tudied that coal fly ash has strong 
buffering capacit>' which may render h e a \ y metals in sewage sludge 
treatment una^'ailable. Lagoon ash and fl\ ash at 0.2.5, 5,1 0.20.50% 
w/\\ \\ ere mixed with dewatered sewage sludge. Higher leNcls of ash 
amendments had a lower CO^ evolution which ma>' be due to the higher 
entrained salt content and pH in both ash residues. They found 1 0% 
as suitable fl\ ash amendment rate. Sajwan et al. (1995) investigated 
that the use of sewage sludge/fly ash mixtures in ratios (4:1,4:2, 4:3 
and 4:4) and application rates (0,50,100.1 50, 200 and 400 t/acre) and 
ratios of sewage sludge amended with fl\- ash to soil, hnproved plant 
growth and enhanced yield occurred at 50-100 t/acre but showed 
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reduction in growth and yield at higher appHcation rates. Reduction in 
>'ield at h igher apphcation rates may be due to assimilation of high 
levels of boron which is phytotoxic. N, RK, Ca,Mg, Mn, Fe,B- Cu, 
and Zn in both soil and plants were in elevated concentration. 
Pandey el al. (1995) studied the effect of fly ash on sunflower 
grown m plots amended with 0.5. 1.0 and 1.5 kg fly ash. Fly ash at 
0.5 kg/m- was found to be best. RGR (Relati\ e grow1;h rate) and NAR 
(Net assimilation rate) were higher, specific leaf area were lower after 
addit ion of high rates of fly ash. Soil pH increased with increasing 
rate of fly ash. Sikkae/ al. (1992) found that yield of rice increased at 
(2-4%w/wO significantly due to inputs of N ,S and Fe from fly ash. 
Yield was reduced at 8% fly ash le\ 'el due to lower P and Zn 
availabi]it>' and possible toxicities of other elements. Somani er al. 
(1994) described that fly ash is a potential amendment for reclamation 
of alkaline soil and for improving their fertilit\' due to its acidic nature 
and high proportion of S,Ca and M g with small percentage of N, P 
and K 
Kengifo ef al. (1996) raised seedlings of tomato (cv. Luxor 
H F l ) and capsicum (cv. California Wonder 300) in substrate containing 
soil, sugarcane filter press cake and fly ash alone or m combination. 
Seedl ing de^ elopment was best in the subs t ra te conta in ing 7 5 % 
sugarcane filter press cake and 2 5 % fl\ ash. Taylor and Schuman 
(1988) studied the effect of fly ash (0,1 0 ,20,30,40, kg ) on barely 
25 
{Hordeiim vulgare L ) . All levels of fl> ash increased the pH, above 
ground plant biomass and root b i o m a s s . Chrenekova and Polacek 
(1 987) found that in fly ash arsenic level was ver>' high. Singh and 
Singh (1 986 a) found that enr ichment of saline soil (pH 7.8, electric 
conductivity 0.39) with 20% fly ash increased the grain yield of rice 
and wheat, but 30% fly ash decreased them. Increasing levels of fly 
ash decreased the soil pH. Fail (1 987) studied the effect of fl\' ash on 
Agrotis tenuis, Festuca arimdinacea and Lespedeza cumeata in plots 
treated with 70 mt/t. Biomass production ranged from 5-30 times higher 
in fl\ ash t rea ted plots (70mt/ t ) . N o tox ic effects occurred on the 
plants. 
Petruzzelli et al. (1987) studied the effect of fly ash on wheat 
grown in soil treated with fl\- ash (2.5, or 10%). No significant decrease 
occurred in wheat dr>' matter \ ie ld for any treatment. Cd and Pb le\'els 
w ere below the le\ el of detection m seedlings but Cu, N, Zn and Cr 
content gene ra lh decreased \\ ith increas ing fl\ ash concentration. 
Reduct ion was due to the increase in soil pH with fly ash addition. 
Singh and Singh (1986 b) studied the response of rice cv. Madhuri to 
different levels of fly ash application at var>ing fertility levels in saline 
soil. Fly ash at 2 0 % level significantK' increased the contents of N,P, 
K. at all g rowth stages and up take of these nutr ients by grain and 
straw. Application of 30% fl\- ash decreased the contents and nutrients. 
Scotti et al. (1996) studied the effect of fl> ash on chichory (CicJiorium 
O/ 
intybiis) grown in two soils with or without ( 3 % and 10%) fly ash. 
Addit ion of 3 % fly ash showed significant increase in yield. Fly ash 
at 1 0 % decreased the yield but concentra t ions of all the e lements 
except Mn showed in general, significant increases. Kuchanwar et al. 
(1 997 b) determined that groundnut cv. TAG-24 growTi at application 
rate of fly ash (0,5 JO and 15 t / h ) a n d N and P fertilizers (25 k g N + 5 0 
kg P) alone or in combination g a \ e significantly increased N. P and 
Mg contents of plants. Highest uptake of all nutrients was at ten tonnes 
fl\ ash /h. Application of tl>' ash increased uptake of N, P and K. 
Sajwan ei al. (1996) evaluated the potential benefits of using 
a mixtures of fly ash and organic waste as a soil amendments on the 
growth and mineral element composition of sorgrass {Sorghum xiilgaris 
var. Sudanense). All mixtures with fl\' ash and sewage enhanced yield 
and plant gro\M:h when applied at rates of 25 tons/ acre. Thereafter, 
its application with manure upto 50 tons/acre decreased the yield and 
plant growth, probably due to the accumulation of high levels of boron 
and zmc which are phytotoxic Sahi and Singh (1 996) showed that fl> 
ash released from coal-based pow er plants contain heavy metals which 
cause genetic damage to Allium cepa or it leads to death. McMurph>-
et al. (1 996) noticed that tly ash cause s alternation in the m a i z e 
genome, when plants are grown in soil mixed fly ash. It also reduces 
the soil genotoxic effects Khandkar et al. (1 996) investigated the 
effect of fly ash on rice cv. Java, soyabean cv. PK-327 and gram cv. 
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Pant U30. When the plants were sown in soil incorporated with fly 
ash at rates of 0,2,4,6.8.12, and 2 0 % , the seed and straw of the rice 
and black gram showed mcrease at 6% of fly ash except for so>'abean 
at 2 0 % fly ash. Applicat ion of fly ash increased the water hold ing 
capacity, the electrical conductivi ty and extractable amount of Mg, 
Ca. S. Fe, Mn. Zn. B. Na. and Al from the soil. Part icle densi ty of 
soil. pH and extractable N were decreased. 
Matte and Kene (1995) evaluated the effect of fly ash on 
Khar i f (cotton, sorghum, g roundnu t , soyabean, green gram and 
mustard) crops. The crops \\ ere grown in 0-15 tonnes fl\- ash/ hectare 
and 0.75 and 100% of NPK fertilizers. Application of 10 tonnes fly 
ash/ hectare gave the best results , increasing seed/grain \ ield b> 7-
30%. Gupta et al. (1996) studied the effect of mixtures of phosphorus 
and fly ash on wheat c\. W H 2 9 1 . Plants was grown at 0. 22.5. 45,90 
and 1 80 mg P/kg soil and fly ash 0, 2 .5, 5, 1 0 and 2 0 % . showed 
increased grain yield upto 90 mg phosphorus and increased slightly 
with 2 . 5 % fly ash but decreased at higer rates. Phosphorus uptake 
increased with rate of p h o s p h o r u s application and decrease with 
increasing rate of fl>' ash (5-20%). Soil organic carbon mcrease with 
rate of fly ash. Post-har^ est soil extractable phosphorus increased 
with rate of phosphorus and fl\ ash application. Lai el al. (1996) 
studied the effect of acidic soil (Alfisol, pH 4.9) amended with fly 
ash on soyabean. The h ighes t dry matter yield of s o \ a b e a n was 
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obtained at 16% (w/w) fly ash level. A marked reduction in plant growth 
at higher levels ( > 16% fly ash rates) occurred. Fly ash application 
increased pH, organic carbon as well as available P and K status of 
the acid soils. Microbial activity was also higher in fl^• ash amended 
soil. Lai et al. (1 996) in an study found that application of fl>' ash to 
an acid soil (Alfisol) in presence or absence of fa rmyard manure 
resulted in an increased microbial population. Fl\" ash considerably 
decreased acid phosphatase activity' in the soil. Srivastava et al. (1995) 
found that Lactuca sativa L. grown in fly ash amended soil at different 
concentrations (0. 10, 20, 30%). Fly ash at 10% level gave the greatest 
root and shoot length, number of leaves, leaf area, root weight, root: 
shoot ratio and leaf carotenoid and chlorophyll a and b contents Plant 
growth and leaf pigment contents were adversely affected by higher 
rates of fly ash. O' Reilly and Sims (1 995) observed greatest increase 
in P adsorption at 2 0 % and 3 0 % fly ash rates. Sat \ ana ryana and 
Pushpalatha (1991) found higher dust deposi t ion, leaf injury and 
proline accumual t ion on leaves of Azadirachra iiidica, Ficus 
gJomerata and Nerium oleander plants growing 1 km away from an 
electricity power station. Ficus glomerata g rowing very closer to 
pollutants source had highest percent of visible leaf injur>' area which 
included interveinal. tip necrosis and interveinal chlorosis . Proline 
accumulation was highest for Azadirachta mdica. This indicated a 
greater ability- to adapt to stress from exposure to air pollution. 
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Sarangi and Mishra (1998) studied the effect of soil amended 
vMth 15% (v/v) coal-fired fly ash as nutrient supplement to groundnut, 
ladies finger and radish. The fly ash amended soil showed increase in 
pH. soil conductivity, available phosphorus, organic carbon, organic 
matter and C/N ratio. Activities of soil enzymes increased (protease 
under groundnut, amylase under ladies finger). Significant increase 
occurred in the rate of CO., evolution in amended soil. Groundnut , 
ladies finger aiid radish plants responded positiveK" to fly ash aniended 
soil. Jones and Straughan (1 978) demonstrated neutralization of soil 
acidity and increased ion exchange capacit>". water holding capacity 
and pore size on addi t ion of fly ash to soil . S ims et al. (1995) 
demonstrated increased water holding capacity of coastal soil from 
12% to 30% on addit ion of fly ash. Kene er a/. (1991 b) studied the 
effect of fly ash on sunflower cv. Morden when added in soil at the 
rates 0.5, 10. and 1 5 % w/w. Upto 10% a m e n d m e n t of fly ash had 
beneficial effect on growth and yield of sunflower. Addition of fly ash 
m soil reduced water holding capacity, bulk density-, contents of free 
lime, organic carbon, total and available N, P. K and cation exchange 
capacity of soil. 
Sahu and Dwivedi (1 999) showed that seed germination in 
Vigfia nivngo and Aheliiioschus esculentits was h ighes t at 2 5 % 
concentration of fl> ash, while the plant growth of both the plants was 
best at 50% concentration. The chlorphyll content was maximum at 
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5 0 % concent ra t ion in Vigna miingo , whereas it was maximum at 
2 5 % in Abelmoschns esciilentus plant. Singh et al. (1994) evaluated 
the effect of fl\ ash on sugarbeet. Plants grow^n in fly ash at 2% w/w 
in soil showed increased plant growth and yield. Although Cd, Cu, 
Fe, Mn, Ni and Pb accumulated in large amounts in plants and their 
levels remained well below the threshold limit. Application of fly ash 
increased the sugar content of sugar beet. Fly ash incorporated in soil 
at 4 and 8 %> increased both soil pH and conduct ivi t \ ' to excessive 
level. 
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MATERIALS AND METHODS 
Source of fly ash 
In order to study the effect of amendment of soil with fl> 
ash in different ratios, on growth and yield of radish and carrot, fl> 
ash was obtained from Kasimpur Thermal Power Plant. Aligarh. 
A m e n d m e n t of soil with fly ash 
The sand\ loam soil (sand, silt and clay particles = 71:18:11) 
was mixed with fly ash in the fol lowing proport ions to make six 
treatments (T) for each crop. 
T^ = 1 000 g soil (control) 
T, = 800 g soil+200 g fly ash ( 2 0 % fly ash m soil) 
T, = 600 g soil + 400 g fly ash ( 4 0 % fly ash in soil) 
T^ = 400 g soil + 600 g fly ash ( 6 0 % fly ash in soil) 
T, = 200 g of soil + 800 g fly ash ( 8 0 % fly ash m soil) 
T^ = 1000 g fly ash (1 00% fl>' ash m soil) 
After proper mixing the soil with fly ash, 3 clay pots (10 cm 
in diam.) were filled with 1 kg of each type of mixture for each crop 
In total 36 pots were prepared for the exper iments (6 treatment x3 
replicates x 2 crops). Treatment without fly ash (Tj) served as control. 
Culturing of plants 
Both the root-crops radish {Raphanns sativus L.) cv. Hill 
queen and carrot {Dacus carota L.) c \ . Earl)' natans were grown in 
the month of November appK ing separate methods. 
1. Radish (Raphanus sativus L.) 
Few surface sterilized (0.1 0 % HgCl.,) seeds of the cultivar 
Hill queen were sown in each clay pots filled \\ ith mixture of fl> ash 
and soil. Each treatment was replicated three t imes (6 treatmentx 3 
repl icates = 1 8 pots). Thinning was done after the four leaf stage. 
Pots were arranged in the randomized block design on the glasshouse 
bench. Pots were watered after a gap of 2-3 d a \ s . Plants were grown 
for 75 da\ s. After harvesting roots and shoots were carefully washed 
under tap water to remove adhered soil particles. Roots were separated 
b\ cutting the shoot and root portions. Plant growth and yield in terms 
of length, fresh and dry weights of root and shoot and number of 
lea\es . were determined. Leaf pigments (chl. a.chl. b,total chlorophyll 
and caretonoids) were also estimated. Data were analysed statistically 
for significance. 
2. Carrot {Dacus carota L.) 
Few surface sterilized (0.01 % of HgCK) seeds of cultivar 
Earh- natans. were sown in 1 cm deep pits made in the centre of each 
pots . Each t rea tment was replicated three t imes (6 treatments x 3 
replicates = 1 8 pots) . After the emergence oi seedlings (5-6 cm in 
length) thinning was done to retain one seedling/ pot. Pots were kept 
wet w ith sufficient amount of water e\ er> second da>'. Plants were 
har\ested after 75 days for measurement of plant growth and yield in 
terms of length, fresh and dry weight of root and shoot separately. 
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Roots and shoots were washed properly under tap water to remove 
fly ash and soil particles. Plant growth and yield in terms of length, 
fresh and dry weights of root and shoot and nmnber of leaves were 
de t e rmined . Leaf p igments (chl. a, chl . b , total chlorophyll and 
carotenoids) were also estimated. Data were analysed statisticalh' for 
significance. 
Plant growth 
For assess ing the effect of fly ash amendmen t on plant 
growth of the two root crops (radish and carrot), plants from the pot 
experiments were collected in pohthene bags and labelled at the tmie 
of harvest (after 75 days of growth). In laboratory, the root systems 
of plant were thoroughly washed to remove the soil particles. Lengths, 
fresh and drv' weights of root and shoot, number of leaves per plant 
yield of two crops were determhied for each treatment by s tandard 
methods. 
Leaf (Photosynthetic) pigment estimation 
Chlorophyl l contents and ca ro teno ids of leaves were 
de te rmined by the following procedures of Mackinney (1941) and 
MacLachlan and Zalik (1963). 
Leaf pigments (chloroph\'ll a, chlorophyll b, total chlorophyll 
and ca ro teno ids ) were determined b>' g r ind ing 1 g of fresh leaves 
from interveinal areas in 40 ml acetone (80%) with the help of mortar 
and pestle. The suspension was decanted in Buchner funnel having 
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two Wha tman filter paper No. 1 and filtration was done with the help 
of suction pump. The residue was ground thrice adding 30, 20 and 10 
ml acetone. The suspension was decanted on Buchner funnel. At last 
mortar and pestle were rinsed with acetone and transfered m 100 ml 
\ olumetric flask and the volume was made upto the capacity- b> adding 
acetone. Optical densit>' (O.D.) in spectrophotometer was read at 645 
nm and 663 nm for chlorophylls and 480 nm and 510 nm for 
carotenoids . Chlorophyll and carotenoid contents were calculated 
according to formula given below; 
Chlorophyll a 
Chlorophyll b 
Total chlorophyll 
Carotenoids 
12.7x(O.D. 6 6 3 ) - 2 . 6 9 ( O . D . 645)xv 
lOOOxw 
22.9x(O.D. 6 4 5 ) - 4 . 6 8 (O.D. 663)xv 
1 OOOxw 
20.2x(O.D. 645) + 8,02 (O.D. 663)xv 
1 OOOxw 
7.6x(O.D. 4 8 0 ) - 1.49(0,D. 510) 
dx ] OOOxw 
d = length of light path 
\" = Total volume of the chloroph\ 11 solution 
w = Fresh \ \ei2ht of the leaf 
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Physical and chemical properties of soil 
In order to assess the effect of fly ash amendment on the 
characteristics of soil, soil samples were collected from each treatment 
(the amended mixture-fly ash+soil) before sowing and analysed for 
the following characteristics. The methods of Jackson (1958). Chopra 
and Kan war (1976) and Subbiah and Asija (1956) were applied m 
a n a K s e s of amended mix ture (fly ash + soil). The me thods are 
described briefly as follows: 
Conductivity 
ConductivitN' was determined by the method descr ibed by 
Jackson (1958). Soil suspension of 1:5 was prepared b> taking 20 g 
of soil m 1 00 ml of aerated distilled water and shaken mechanical ly 
for one hour. Conductivit> of the soil suspension was measured with 
conductivity- meter by directly dipping the cell into the suspension. 
Temperature of the soil suspension was determined and the result was 
conxerted at 25^'C. 
Total carbonate and Bicarbonate 
Total carbonate and b ica rbona tes were es t imated by a 
common procedure (Jackson. 1958). 100 g of soil was mixed with 50 
ml of distilled water and it was decanted m a conical flask after settling. 
Then 5 drops of phenolphthalein was added in the flask ; pink colour 
w h i c h deve loped ind ica t ed the p r e s e n c e of c a r b o n a t e s and 
bicarbonates.The 0.1 N H, SO^ was added to the flask till the colour 
disappeared.Then few drops of methyl red indicator was added in the 
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flask and treated till the colour changed from yellow to rose red. 
The carbonates and bicarbonates were calculated from the readmg 
as given below: 
V^ = volume of 0.1N H^SO^ used with phenolphthalem 
V, = volume of 0.1 N H, SO^ used in methyl red. 
Carbonates 
Normality' of soil solution 
2V^x0.1 
50 
Total carbonates = eq.wt. x normality (N,) of C O , 
(V^-V, )x0 .1 
Bicarbonates N, = 
50 
Cation exchange capacity 
The capacity' of the exchange of equal amount of cation from 
soil solution is known as cat ion exchange capacitx (C.E.C. ) . This 
was determined b>" the m e t h o d given by Jackson (195 8). For 
determining the C.E.C. of the soil samples, 1 Og of soil was t reated 
with sufficient amount of 0.1 N HCl. After half an hour the soil was 
filtered with several washings till the removal of all aciditv'. Then soil 
was kept in saturated solution of KCl for 15 min, then after half an 
hour, it was again filtered and the filterate was titrated with standardized 
0. IN NaOH solution. C.E.C. was calculated b> the formula giNen 
below: 
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Yx lOO 
C.E.C.= meqx 100 g of soil 
10 
Y= volume of 0.1 N N a O H used. 
Chloride 
Reagents: 
(A) Silver nitrate (AgNo,) : 3.400 g of dried AgNo^ was dissolved in 
distilled water to make 1 litre of solution and kept in dark bottle. 
(B) Potassium chromate (K^CrO^): 5 g of K^CrO^ was dissolved in 
100 ml of distilled water. 
1.5 soil suspension was prepared adding 100 ml of distilled water 
to 20 g of soil and mechanically stirred for about one hour at regular 
intervals. The suspension was filtered through Wha tman No. 50 filter 
paper. 50 ml soil solution was taken and mixed with 2 ml of K,CrO_^ 
solution, it was titrated against 0.02 N AgNO^ until persistent red tinge 
appeared. Ch lo r ide con ten t was then calculated b \ ' the following 
formula (Chopra and Kanw ar. 1 976) 
mix 0 . 0 2 N A g N O 3 x 3 5 . 5 
Percent (%) chloride = 
ml soil solution x2 
To convert the \a lues in mg/1 OOg the values in % were multiplied with 
1000. 
Nitrogen 
Reagents : 
1) 0.32% potassium permagnate solution (KMnO ) 
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2) 2 .5% sodium hydroxide (NaOH) 
3) Liquid paraffin (extra pure) 
4) 0.02 N sulphuric acid (H,SO^) 
5) 2% boric acid solution containing 20 ml of mixed indicator per liter. 
6) Mixed indicator 0.066 g methyl red+ 0.999g bromocresol green 
dissolved m 1 00 ml of 9 5 % alcohal. 
Nitrogen was detennined by the method of Subbiah and Asija 
(1 956). In a 800 ml dry kjeldahl flask 20 g of soil was taken. To this 
water was added followed by 100 ml each of 0 .32% KMnO^ and 2.5% 
NaOH solution. The frothing during boiling was prevented by liquid 
paraffin (1 ml) and bumping by adding a few glass beeds. The contents 
were distilled in a kjeldahl assembly at a stead> rate and the liberated 
ammonia collected in a conical flask (250 ml) con ta in ing 20 ml of 
boric acid solution (with mixed indicator). Wi th the absorption of 
ammonia, the pinkish colour turned to green. NearK 100 ml of distillate 
was collected in about 30 min and titrated with 0.02 H.SO^to the 
original shade (pinkish). Blank correction (soil solut ion) was made 
for the final calculation. 
Mineralizable nitrogen (ppm) =RxO.02x0.0 14x10^ 
= Rx0.02x0.05xO.014x10^ 
where R' is the volume of 0.02 N H.SO^ required for titration. 
Sulphate 
Reagents: 
1) Condit ioning reagents. 75 gofNaCl , 30 ml concentrate HCl, 100 
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ml 9 5 % ethyl alcohal were mixed in 300 ml distilled water. 50 ml glycerol 
was added to this solution and mixed thoroughK-. 
2) Barium chloride: Cr\'stal of BaCI, . 
3) Standard Sulphate solution: 
(a) ] 479 g of anhydrous Na,SO^ was dissolved in distilled water to 
make 1 litre of solution. This solution contained 1 00 mg/1 of sulphate 
(b) 10:41 ml of0 .02NH,SO^ to 100 ml with distilled water. 
1:5 soil solution was prepared. 100 ml of sample was taken 
from it. and mixed with 50 ml of condit ioning reagent. The sample 
was stirred and then stirred again for 1 min after addition of BaCL 
crystals . Read ings were taken on spec t ropho tome te r at 420 nm. 
Concentration of sulphate from standard c u r \ e (for 0.0-40.0 mg/l) at 
the intepv al of 5 mg/1 was determined. 
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RESULTS 
PLANT G R O W T H 
Radish {Raphanus sativus L.) 
Fly ash amendment of soil [fly ash: soil (v/v)] affected plant 
growth of radish. Significant (P > 0.01) increase occurred in shoot 
and root lengths at 20% level of fly ash i.e. 2 0 % fly ash and 80% soil 
mixture. However, at higher levels of fly ash (40, 60, 80 and 100%) 
lengths of shoot and root were reduced significantly in comparison to 
control. Increase in fresh weights of shoot and root was also recorded 
at 20%) fly ash level. Similar results were found for dry weights of 
shoot and root as well. Converseh' , root and shoot fresh and dn, 
weights were reduced at higher levels of fly ash. In general, when fly 
ash level was increased stepwise from 2 0 % onwards all the growth 
parameters declined gradudally. Highest reduction were found at 80% 
and 100%o fl>' ash levels (Table 1). 
Yield of radish m terms of number of leaves and total weight 
(fresh and drv) of root was significantly (P>0.01) increased at 2 0 % 
fly ash level compared to control. But at 40, 60, 80 and 100% levels 
the \ ie ld was suppressed significantly (P>0.01). The suppressions in 
the > leld were maximum in 80% and 100%o fly ash levels (Table 1) 
The pigment contents (chlorophyll a, chlorophyll b, total 
chlorophyll and carotenoids) were significantly (P> 0.01) increased 
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at 2 0 % fly ash level, while 2 0 % onwards fly ash levels (40-1 00%.) 
significantly decreased the pigment contents of leaves. But there was 
marked reduction in pigment contents at 80 and 100%) fly ash levels. 
(Table 2). 
Carrot {Dacus carota L.) 
Fh ash affected plant growth paramters (length, fresh and 
dry weights of shoot and root ) . All the cons idered p lan t growth 
parameters increased at 20%o level of fly ash as compared to control. 
However, at higher le\els (40, 60, 80 and 100%) the growth parameters 
declined gradually m comparison to control. Highest suppressions in 
growth parameters were observed at 1 00%fly ash le \e l (Table 3). 
Application of lowest level of fly ash (20%o) improved the 
\ leld [number of leaves and total weight (fresh and dry) of root] of 
carrot significant!}'(P>0.01). Progressive reduction occurred m all 
the yield parameters with an increase in fly ash levels (40, 60. 80 and 
100%o). Suppressions were more at higher levels (80 and 100%o) 
(Table 3). 
There was s igni f icant (P>0.01) inc rease in p igmen t 
(chlorophyll a, chlorophyl l b , total chlorophyll and ca ro t eno ids ) 
content of leaves at 20%o in comparison to control. Thereafter, a marked 
reduction m the pigment content of leaves (40 to 1 00%o fly ash le\ els) 
occurred (Table 4). 
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P H Y S I C O - C H E M I C A L CHAR.ACTERISTICS OF FLY A S H 
A M E N D E D SOIL 
The physico-chemical characteristics of fly ash amended soil 
included following parameters: 
Conductivity: The conductivity increased significantly (P> 0,01) at 
all the levels of fly ash (20, 40. 60, 80 and 1 00%) in compar ison to 
control . At 100% it was best (0 .041) as compared to other levels . 
(Table 5). 
Cation exchange capacity': Cation exchange capacity of the soil was 
influenced by the addition of fly ash in soil. At 20% level of fl> ash in 
soil significant (P > 0.01) increase occurred in it as c o m p a r e d to 
control. Other fly ash levels (40. 60, 80 and 100%) caused a significant 
reduction in cation exchange capacits' (Table 5). 
C a r b o n a t e s and B i c a r b o n a t e s : Carbona tes and b i ca rbona t e s 
increased as the fly ash percentage (20.40.60.80 and 100%) increased 
in the soil. Presence of carbonates and bicarbonates were m a x i m u m 
at 100% fly ash level (Table 5). 
Nitrogen: There was significant (P> 0.01) decrease in nitrogen content 
of soil as fly ash level (40, 60 and 80%)) increased. But at 2 0 % fly ash 
caused an increase (P> 0.01) in compar ison to control. Ni t rogen at 
100%) level w-as ver\' low (Table 5). 
Sulphate: Sulphate showed significant (P > 0.01) increase as the ICN el 
of fly ash (20, 40, 60, 80 and 100%) increased. At 100% fly ash level 
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sulphate content was highest (Table 5). 
Chloride: At 100% or in pure fly ash chloride content was maximum. 
Chloride contents showed significant (P> 0.01) gradual increase when 
fly ash percentage (40, 60,80 and 100%) in soil inceased. (Table 5). 
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DISCUSSION 
Fly ash, a by-product of coal combustion in coal-based thermal 
power plants is a major particulate air pollutant in India. From the 
power plants it is emitted through the stack and carried to different 
distances and deposited in agricultural fields and plant surfaces. 
Its deposit ion depends upon a number of factors including wmd-
ward direct ion, wind velocity, particle size etc. Fly ash deposite 
on plant surfaces may be washed by rain sp lashes or b lown by 
wind or wind-storm and added to the soil. In the areas where ramy 
season is prolonged, this process continues for long. Accumulation 
of fly ash in agricultural fields gradually increases wdth the lapse of 
t ime and fly ash becomes a part of the soil sys tem. Agricultural 
fields in the vicini ty of power plants are cons tan t ly exposed to 
accumulation of this particulate air pollutant. This is, however, not 
the situation with all the agricultural fields, located far away from 
the thermal power plants . Bulk of the fly ash p roduced by coal 
burning is retained in the power plants and kept in lagoons. Disposal 
of fly ash from such lagoons is a different kind of environmental 
problem. Some suggestions have been made to util ize this fly ash 
as an useful source to solve this environmental problem. 
Some agricultural uses of fly ash have also been expressed. 
Incorporation of fly ash in agricultural fields as a fertilizer is one 
of them. Some studies and data available indicate that it can serve 
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as a fertilizer, as it enhances plant growth and productivit\-. Addition 
of fly ash in agricultural fields would entail a number of changes in 
complex (so i l ) ecosystem. This aspect needs to be thoroughly 
inves t iga ted . A number of crops are be ing examined for their 
responses to fly ash in relation to growth and productivi ty and 
tolerance of fly ash levels in soil. Hea\ \ metals present in fly ash. 
their accumulat ion in soil and consumable parts of the plants are 
also being examined. Soil characteristics and the changes brought 
about by the application of different levels of fly ash in different 
soil t>^pe have also attracted attention of investigators. Addition of 
fly ash has been found to influence soil porosity and water holding 
capacit>'. 
In root-crops like radish, carrot, turnip, sugarbeet etc. and in 
crops like potato, onion, ginger, garlic and sweet potato etc. which 
are modified stem, consumable parts develop in soil and are there-
fore, likely to be directly influenced by the presence of fly ash in 
the soil. If fly ash is to be incorporated in agricultural fields and 
such crops are to be grown different aspects of such agro-system 
(soil ecosystem mixed with fly ash) should be examined in detail. 
The p resen t endevaour had aimed to examine some aspects 
of the cul t ivat ion of two root crops radish and carrot, consumed 
as raw and cooked, in soil containing in different levels of fly ash. 
Application of fly ash in soil affected the plant growth and yield of 
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radish .All the levels either imporsed or suppressed the plants. Fly 
ash at 2 0 % level was found to be beneficial for its growth and 
product iv i ty . Similar effects were found in the case of carrot . 
Enhancement of fly ash level in soil from 2 0 % onwards (40,60,80 
and 100%) adversely affected the gro\\1:h and producti\ ity of both 
radish and carrot. The four higher levels (> than 20%) employed in 
the s tudy were suppress ive for their g rowth and product ivi ty . 
Photosynthetic pigments also showed similar trend. Benefical and 
deleterious effects of fly ash at different levels were evident in the 
measu remen t s of shoot and root lengths, fresh and dr\' weights , 
number of leaves and their chlorophyll and carotenoid contents. 
At 2 0 % level the plant produced more leaves which were darker 
due to high chlorophyll and carotenoid contents . This may have 
enhanced the photosynthetic activity of plants resulting in better 
growth and productivits'. Better growth and yield of the plants were 
also due to the presence of utilizable plant nutrients MZ. , sulphate, 
phosphorus , potassium, calcium, magnes ium, manganese etc. in 
the fly ash. The nutrients present in fly ash have been reported to 
be beneficial to plants through soil appl icat ion or foliar dust ing 
(Mish ra and Shukla , 1 986). Khan and K h a n (1 996) found the 
presence of these nutrients in the fl>- ash obtained from the Kasimpur 
Thermal Power Plant where from the fly ash has been used in this 
experiment. The increase in water holding capacit>' of soil mixed 
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with different levels of fly ash may be due to increase in air space 
in the soil particles. Hence, the physical and chemical properties 
had cumulative effect in causing favourable and adverse effects in 
productivity and growth of both the crops. Gradual decline in growth 
and productivity beyond 2 0 % fly ash may be due to salinit>' cause 
by higher levels of sulphate, chloride, carbonate and bicarbonates 
in soil (Khan and Khan, 1996). Concentrat ion of these sal ts 
gradually increased with increasing of fly ash levels in the soil. 
Nitrogen plays an important role in plant growth and productivity. 
Very low amount or almost nil level of nitrogen particularly at 100 
% fly ash is an another important factor which may have contributed 
to suppression of plant growth and productivity at higher levels of 
fly ash. 
Though not de te rmined in this study some other tox ic 
compounds like dibenzo-furan and dibenzo-p-dioxine mix tures 
(Helder et al., 1 982;Sawyer et a]., 1983) and some metals viz . , 
nickel, arsenic, cadmium, chromium, lead, selenium, zinc, copper 
etc. (Wadge and Hutton 1987) , are reported to occur in fly ash. 
These toxic chemicals and heavy metals may have also contributed 
towards the poor growth and yield of the crops at higher fly ash 
levels. Ph>totoxicit>' of heavy metals is already well establ ished 
(Mayer, 1981; Hale e/a/ . ,1985). 
Careful analysis of the s tudies on the effect of fly ash 
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incroporation m soil on growth and productivi ty of c rop plants 
shows that tolerance level of fly ash in soil has a great variation 2-
50% fly ash incroporated in the soil (v/v) have been found to be 
useful for different crops. Singh el al. (1994) demons t ra ted that 
2 % fly ash was beneficial for sugarbeet and 8% was harmful 
Gupta et al. (1 996) found that 2 . 5 % fl\- ash was benef ic ia l for 
wheat cv.WH 291 but 5-20% levels suppressed the grow-th and 
yield. Khandkar et al. (1 996) found fly ash up to 6 % useful for 
amelioration of growth and productivity of rice and black gram, 
but higher levels (18-20% ) were suppressive. However, they further 
observed that 2 0 % level was the best for soyabean . Sahu and 
Dwivedi (1999) reported that 2 5 % of fly ash was useful for [ 'igna 
nnmgo and 50%) for Abelmoschiis escylentus. A further increase 
in fly ash decreased the seed gennination, plant groxNth and pigment 
contents of these plants. Tripathy and Sahu (1997) showed that 
50% fly ash in the soil improved wheat crop. Rengifo et al. (1 996) 
showed that 2 0 % le\ el of fly ash was best for the improvement of 
crop performance of tomato (cv. Luxor HF 1) and caps icum (cv. 
California Wonder 300) . Sarangi and Mishra (1998) found 1 5%o as 
an appropriate level for plants like groundnut, ladies finger and 
radish. Kene et al (1991 b) showed that fly ash upto 1 0%) level 
was useful for sunflower. Further increase v\'as harmful . Sikka 
et al. (1992) found in their experiment 2-4%o fly ash beneficial and 
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8% harmful for rice. On the other hand, Singh et al. (1986 a and 
b) found 2 0 % fly ash level was useful and 3 0 % harmful for rice. 
Pasha el al. (1 990) reported that a range of fly ash levels (10-50%) 
was beneficial for crop growth of cucumber but the higher doses 
were harmful. Similarly, Singh (1993) found a range of 25-50% 
useful dosages for soyabean. Dosage 50%) o n w a r d s , however , 
suppressed all the considered parameters of soyabean. Chermisi 
et al. (1995) found 24-40% fly ash levels useful for the garlic plant 
but further increase was suppressive. These report demonst ra te 
that fly ash tolerance of different crop plants should be determined 
as the tolerance level for each crop under a g iven s i tuat ion may 
var>'. 
The qualit>' of fly ash i.e. ash content, presence of heavy metals 
and their concentration, presence of other toxic materials,also varies 
depending upon the type of the coal, coal qualit>' and combustion 
conditions. Compos i t ion of fly ash produced in different power 
plants in India as well as in other parts of the world may not be the 
same and its qual i ty is l ikely to vary. Similarly, t ype of soil in 
which fly ash is to be incorporated before plant growth is other 
determinant for overall impact of the fly ash on crop growth and 
productivits' and the physico-chemical changes in the soil after fl\ 
ash addition. Therefore, impact of fly ash addition may not be the 
same in all t>'pes of soils and it should vary with type of soil and 
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quality of the fly ash. In such studies, it is therefore, imperative to 
examine the impact of fly ash on plant growth and productivit>', 
taking into consideration three important determinants: soil type, 
fly ash quality and the dosage to be used for a g iven c rop . It 
would be then possible to make recommendation for the use of fly 
ash as a fertilizer. This would be helpful for the disposal of fly ash 
stocked in lagoons of the thermal power plants. Studies conducted 
in different parts of the country and abroad show- that fly ash has 
potential for agricultural uses, particularly as fertilizer or supplement 
to it. However, complete information discussed above is required 
before its recommendation for use in agricultural fields by farmers. 
5] 
SUMMARY 
Fly ash, produced during combustion of coal in coal-fired 
power plants is a major particulate air pollutant in India. Disposal of 
fly ash has become an environmental issue in the country. EflForts are 
being made to develop technology for its purposeful utility. Some 
agricultural uses including its incorporation in soil for better soil fer-
tility' are bemg investigated. 
The present study has considered this aspect employing dif-
ferent concentrations (20,40,60, 80 and 100% v/v) of fly ash of ther-
mal power plant origin to determine its impact on two root crops-
radish and carrot and also on physico-chemical characteristics of the 
soil. Both the root-crops showed improved growth and enhanced yield 
when the fly ash was incorporated in the soil at a low dosage of 20% 
(v/v). Higher ratios of fly ash mixtures (40, 60, 80 and 100%) were 
found to be suppressive for their growth, yield and photosynthetic 
pigments. Both the plants showed similar responses increasing at 
20% level and decreasing 20% onwards. Highest suppression in 
growth, yield and photosynthetic pigments of leaves occurred at 80 
and 100%, levels. 
The physio-chemical characteristics of soils (conductivity, 
carbonates, bicarboantes, sulphate, chloride, cation exchange capac-
ity and nitrogen) mixed with different concentrations of fly ash (20%, 
4 0 % , 60%o, 80% and 100% v/v) were also determined. All the consid-
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ered parameters except cation exchange capacity and nitrogen con-
tent, showed stepwise increase with increase in the fly ash level in the 
soil. Nitrogen content of the soil at 80-100% levels of fly ash was 
almost nil. Similarly, cation exchange capacity also exhibited a gradual 
decline. 
Addition of fly ash improved plant growth, yield and photo-
synthetic pigments at 20% of fly ash, which appears to be most ap-
propriate level of application for both the crops. Since both are root 
crops, their requirements may be similar as they responded alike to 
the different levels of fly ash in soil. 
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